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© Method of manufacturing thick-film devices. 



© A method of fabricating a multilayer ceramic 
device of the type which has conductive paths in 
parallel planes spaced by a dielectric including hol- 
low microspheres of glass, uses the steps of sepa- 
rately applying to a ceramic substrate (12), a green 
ceramic tape (16) and a layer of hollow micro- 
spheres; the resulting structure is fired. The dielec- 
tric constant between the conductive paths is thus 
reduced, resulting in low capacitance and increased 
speed of circuitry. 
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METHOD OF MANUFACTURING THICK-FILM DEVICES 



FIELD OF THE INVENTION 

The present invention is generally directed to 
the method of fabrication of thick-film and mul- 
tilayer ceramic devices. It particularly concerns the 
method of fabrication of the dielectriclayers of such 
devices. 



BACKGROUND OF THE INVENTION 

The thick-film process is used to provide pack- 
ages for individual integrated circuits as well as to 
interconnect a plurality of such circuits. In accor- 
dance with the thick-film process, conductive paths 
for providing the connections among the various, 
terminals of the integrated circuits aredepos'rted on 
substrate materials, a dielectric layer is applied 
over the conductive paths, and further conductive 
paths are then deposited over the dielectric ma- 
terial so as to form a three-dimensional connection 
structure. 

There are a number of reasons why it is desir- 
able from the point of view of mechanical strength 
and heat-transfer point of view to employ ceramic 
material, as opposed to organic resins, as the di- 
electric. However, ceramic materials are less desir- 
able than organic ones in one respect, namely, 
their relatively high dielectric constant. The high 
dielectric constant results in a high capacitance 
between the conductive paths at various levels, and 
it limits the maximum speed of the circuitry that 
can be embodied in the thick-film device. 

To reduce this drawback but still obtain the 
advantages of ceramic dielectrics, U.S. Patent No. 
4,781 ,968 to Kellerman proposed to embed hollow 
glass-microspheres in the ceramic material. The 
presence of the microspheres reduces the effective 
dielectric constant of the resultant dielectric layer 
and thus increases maximum circuit speed. I here- 
by incorporate That patent is incorporated herein 
by reference. 

In the method described in that patent, the 
microspheres are mixed with a composition com- 
prising ceramic or a glass/ceramic composite ma- 
trix material disposed in a conventional thick-film 
organic carrier vehicle, and the mixture is depos- 
ited over conductive paths formed on a substrate. 
The resultant structure is then fired. 



SUMMARY OF THE INVENTION 

The dielectric layer fabricated according to the 
present invention structuraly comprises a combina- 



tion of microspheres and ceramic material applied 
by a novel process; the ceramic material and the 
microspheres are applied separately in the present 
invention. The invention in its broad form resides in 
5 a method of fabricating a multilayer ceramic device 
of the type which has conductive paths in parallel 
planes spaced by a dielectic including hollow 
microspheres comprising the steps of: A. providing 
a ceramic substrate; B. applying a metal layer 
io conductive path to the substrate; characterized by; 
C. separately applying to the ceramic substrate 
over the metal layer (i) a green ceramic tape and • 
(ii) a layer of hollow microspheres; and D. firing the 
resultant structure. Specifically, the ceramic ma- 
rs terial can be applied as a "green" (unfired) ceramic 
tape, using a tape transfer method, which com- 
prises ceramic and/or glassy powders suspended 
in an organic binder and dried into a pliable sheet. 
The green ceramic tape is punched into the proper 
20 shape and then applied to the ceramic substrate 
over the metallization layer, i.e., over the conduc- 
tive paths. The tape may be held on the substrate 
by an appropriate fixture and laminated in place 
with the application of heat and pressure. The 
25 microspheres are then applied under pressure so 
that they become embedded in the green-tape 
structure. As a result, the "tape-transfer" method 
can be employed with microspheres. A percentage 
of microspheres can be achieved that is higher 
30 than the percentage possible if, say, the spheres 
were initially cast Into the tape before the applica- 
tion of the tape to the substrate. 



35 BRIEF DESCRIPTION OF THE DRAWINGS 

A more detailed understanding of the invention 
may be had from the following description of a 
preferred embodiment, given by way of example 
40 and to be understood in conjunction with the ac- 
companying drawing wherein: 

FIG. 1 is a cross-sectional representation of a 
thick-film tape-transfer structure immediately 
after the application of microspheres; 
45 FIG. 2 is a diagrammatic representation of the 
step in which the microspheres are pressed into 
the green tape; and 

FIG. 3 depicts the structure after a further layer 
of green ceramic tape and a further metallization 
so layer have been applied. 



DETAILED DESCRIPTION OF ILLUSTRATIVE EM- 
BODIMENTS 
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FIG. 1 depicts a thick-film tape-transfer struc- 
ture 10 including a ceramic substrate 12 of the 
typ typically employed in a thick-film or tape- 
transfer process for fabricating large-scale integrat- 
ed circuits. The substrate 12 is composed of an s 
appropriate ceramic material, such as alumina. Ap- 
plied to the ceramic substrate is a metallization 
layer, of which FIG. 1 depicts one path 14. The 
path is applied as a thick-film "ink," i.e., a paste of 
conductive particles suspended in a high-viscosity ro 
vehicle. This ink is silk-screened onto the ceramic 
substrate in the desired pattern, and the resultant 
structure is fired so that the conductive particles 
are sintered into a continuous path. 

In accordance with the "tape-transfer" method, is 
dielectric material is then applied in the form of a 
"green" ceramic tape 16. The green ceramic tape 
is typically made by first depositing a slurry on a 
tape of polyethylene terephthalate. The slurry in- 
cludes an organic plasticizer, such as polyvinyl 20 
chloride, in which ceramic and/or glassy powder 
has been suspended. The material may be a 
"glass ceramic" (i.e., vitrified glass), a 
glass/ceramic composite (i.e., a suspension of ce- 
ramic material such as alumina in a matrix of non- 25 
•crystalline glass), or a. ceramic. The slurry is the 
drawn under a doctor blade to achieve a predeter- 
mined thickness of, for instance, 100 microns, and 
the resulting structure is dried into a tape that can 
be handled, punched, and applied to an intermedi- 30 
ate structure in the thick-film process. This unfired 
material is commonly called "green ceramic tape" 
although it is not necessarily green in color. Such 
term is used herein to refer to any such tape, 
regardless of its color. 35 

In adapting the conventional tape-transfer ap- 
proach to the method described in the previously 
mentioned Kellerman patent, I have not included 
the microspheres in the slurry used to cast the 
green ceramic tape. Instead, I apply the green 40 
ceramic tape in the conventional form, i.e., without 
microspheres. 

The green ceramic tape 16 may be punched 
with "vias" 18, which are holes by which commu- 
nication may be had between conductive paths in 45 
different layers/ The tape may be held to the 
substrate by an appropriate fixture, and it may be 
laminated by the application of, say, 500 lbsTin.2 
(3.4 X 106 Pa.) of pressure at an elevated tempera- 
ture (70 # C.) for two minutes so that it adheres to so 
the previously fired ceramic substrate 12. An 
isostatic laminater can be used for this purpose. 

Regardless of the manner in which the tape is 
h Id in place, I then apply hollow microspher s 20 
on top of the tape. One way of providing the 55 
spheres is to screen them on as a slurry. For 
instance, the slurry may be prepar d as a mixture 
of hollow spheres of alumina, silica, or glass of the 



type available, for instance, from Emerson and 
Gumming, Inc., of Canton, Massachusetts, under 
the trademark ECCOSPHERES. These are avail- 
able in average sizes of 12 to 40 microns and 
average wall sizes of 0.5 to 2.0 microns. So as not 
to exceed the intended layer thickness, it is desir- 
able first to screen the microspheres to about 400 
mesh (U.S. standard sieve series) to eliminate the 
larger spheres before combining the spheres with a 
vehicle to reduce a slurry. The vehicle may be, for 
instance, the organic thinner ordinarily sold with 
thick-film conductive inks. A good ratio is five parts 
by weight of the microspheres to thirteen parts by 
weight of vehicle, the two components being mixed 
by jar rolling in a ball mill without milling materials, 
for instance. This slurry of microspheres 20 is then 
screen printed through a stainless-steel screen or 
metal mask onto the surface as shown in FIG. 1. 
The mask may be arranged to leave the via 18 
open. 

After any necessary drying occurs, pressure is 
applied, as is suggested by FIG. 2, to press the 
microspheres 20 into the green ceramic tape 16. If 
the tape has not already been laminated to the 
substrate at this point, the application of pressure 
has the further purpose of performing the lamina- 
tion, that is, of causing the tape to adhere to the 
substrate. For this purpose, as was stated before, a 
pressure of about 500 ibs/in.2 (3.4 X 106 Pa.), 
preferably at an elevated temperature, (70 degrees 
C) is desirable. Such pressure does not adversely 
affect the microspheres, which are resistant to 
pressures in excess of 1,500 lbsVin.2 (1.0 X 107 
Pa.) for 30-second time intervals. 

In order to increase the microsphere content, ft 
may be desirable to repeat the step of applying 
microspheres and applying pressure. Subsequent- 
ly, a second layer of tape 22 is then laminated to 
the relatively rough surface of the resultant struc- 
ture so as to yield a smoother surface, as FIG. 3 
indicates. In the alternative, a layer of thick-film 
dielectric may be screened onto the surface in- 
stead of being applied as a tape. The entire struc- 
ture is then dried, if necessary, and fired, typically 
at a temperature in the range of 850 * C.-900 * C. 

As is stated above, vias 18 are left to provide 
for electrical communication between layers. An 
alternative method is not to provide the vias by 
tape punching an screening but rather to lay the 
tape and microsphere layers without the vias and 
then "drill" the vias in the fire structure by means 
of, for instance, laser light. The vias are then filled 
with conductive material in a conventiona manner 
to provide the Inter-layer Interconnections. Subse- 
quent layers are then laid down, beginning with a 
conductive path 24, which communicates with con- 
ductive path 14 by way of the via 18. 

Although the foregoing discussion describes 
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one process for implementing the teachings of the 
pres nt invention, others clearly are possible. For 
instance, it may be desirable to fire the structure 
immediately after pressing the microspheres, i.e., 
before applying the second tape layer, and then 5 
firing again after the second tape layer has been 
applied. It may also be appropriate in some cir- 
cumstances to apply the microsphere slurry before 
applying any green ceramic tape. This would elimi- 
nate the need for a second application of green 10 
ceramic tape. However, I prefer to apply the tape 
layer first, thereby avoiding any possible adhesion 
problems and providing a "cushion" for the 
spheres to be pressed into. Finally, although I 
prefer to apply the microspheres in the form of a 75 
slurry, there is no reason in principle why they 
could not be applied dry, perhaps from a cavity 
placed in a isostatic laminater. 

It is thus apparent that the teachings of the 
present invention can be employed in many van- 20 
ations that retain the advantages of the green ce- 
ramic tape approach while achieving the low di- 
electric constant that is afforded through the use of 
microspheres. Therefore, it is intended that all mat- 
ter contained in the above description or depicted 25 
in the accompanying drawings be interpreted as 
illustrative and not limiting in nature. 



Claims M 

1. A method of fabricating a multilayer ceramic 
device of the type which has conductive paths in 
parallel planes spaced by a dielectric including 
hollow microspheres comprising the steps of: 35 

A. providing a ceramic substrate (12); 

B. applying a metai layer conductive path (14) to 
the substrate characterized by; 

C. separately applying to the ceramic substrate 
over the metal layer (14) (i) a green ceramic 40 
tape (16) and (H) a layer of hollow microspheres 
(20); and 

D. firing the resultant structure. 

2. The method defined in claim 1 wherein the step 

of applying the green ceramic tape and micro- 4s 
spheres comprises applying the green ceramic 
tape first and then applying the layer of micro- 
spheres. 

3. The method defined in claim 2 further including 

the step of applying further green ceramic tape 50 
(22) after applying the layer of microspheres. 

4. The method defined in claim 2 further including 
laminating the green ceramic tape to the substrate 
under elevated pressure before applying the layer 

of microspheres. 55 

5. The m thod defined in claim 4 further including 
the step of pressing the microsph res into th 
green ceramic tape before the firing step. 



6. The method defined in claim 2 further including 
the step of pressing the microspheres into the 
green ceramic tape before the firing step. 

7. The method defined in daim 2 further including 
the step of applying elevated pressure to the layer 
of microspheres and green ceramic tape so as 
simultaneously to laminate the green ceramic tape 
to the substrate and press the microspheres into 
the green ceramic tape without having laminated 
the green ceramic tape to the substrate before 
applying the layer of microspheres. 

8. The method defined in claim 2 wherein the step 
of applying the layer of microspheres comprises 
depositing the microspheres in a slurry of hollow 
microspheres suspended in an organic vehicle. 

9. The method defined in claim 2 wherein the step 
of applying the hollow microspheres comprises ap- 
plying the hollow microspheres alone without a 
vehicle. 

'10 The method defined in claim 2 further including 
the step of screening a dielectric layer onto the 
structure after applying he layer of microspheres. 
11 The method defined in claim 1 wherein the step 
of applying the layer of microspheres comprises 
depositing the microspheres in a slurry of hollow 
microspheres suspended in an organic vehicle. 

12. The method defined in claim 1 wherein the 
step of applying the hollow microspheres com- 
prises applying the hollow microspheres alone 
without a vehicle. 

13. A method of fabricating a multilayer ceramic 
device by a think-film process of the type which 
has conductive paths in parallel planes spaced by 
a dielectric including hollow microspheres compris- 
ing the steps of: 

A. providing a ceramic substrate (12); 

B. applying a metal layer conductive path (14) to 
the substrate; 

C. separately applying to the ceramic substrate 
over the metal layer (14) (i) a layer (16) of a 
mixture of an organic plasticizer and particles of 
a glass ceramic, a glass/ceramic composite, or 
a ceramic and (ii) a layer (20) of hollow micro- 
spheres; and 

D. firing the resultant structure. 

14. The method defined in claim 13 wherein the 
step of separately applying the mixture and hollow 
microspheres comprises applying the mixture first 
and then applying the layer of hollow micro- 
spheres. 

15. A multilayer ceramic device fabricated by a 
method comprising the steps of: 

A. providing a ceramic substrate; 

B. applying a metal layer to the substrate; 

C. separately applying to the ceramic substrate 
over the metal layer (i) a green c ramie tape 
and (ii) a layer of hollow microsph res; and 

D. firing the resultant structure. 
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16. The ceramic device defined in claim 15 
wherein the step of separately applying the green 
ceramic tape and microspheres comprises apply- 
ing the green ceramic tape first and then applying 

the layer of microspheres. 5 

17. The ceramic device defined in claim 16 
wherein the method by which it is fabricated further 
includes the step of applying further green ceramic 
tape after applying the layer of microspheres. 

18. The ceramic device defined in claim 16 io 
wherein the method by which it is fabricated further 
includes the Step of laminating the green ceramic 
tape to the substrate under elevated pressure be- 
fore applying the layer of microspheres. 

19. The ceramic device defined in claim 18 75 
wherein the method by which it is fabricated further 
includes the step of pressing the microspheres into 

the green ceramic tape before the firing step. 

20. The ceramic device defined in claim 16 
wherein the method by which it is fabricated further 20 
includes the step of pressing the microspheres into 

the green ceramic tape before the firing step. 

21. The ceramic device defined in claim 16 
wherein the method by which it is fabricated further 
includes the step of applying elevated pressure to 25 
the layer of microspheres and green ceramic tape 

so as simultaneously to laminate the green ceramic 
tape to the substrate and press the microspheres 
into the green ceramic tape without having lami- 
nated the green ceramic tape to the substrate 30 
before applying the layer of microspheres. 

22. The ceramic device defined in claim 16 
wherein the step of applying the layer of micro- 
spheres comprises depositing the microspheres in 

a slurry of hollow microspheres suspended in an 35 
organic vehicle. 

23. The ceramic device defined in claim- 16 
wherein the step of applying the hollow micro- 
spheres comprises applying the hollow micro- 
spheres alone without a vehicle. 

24. The ceramic device defined in claim 16 
wherein the method by which it is fabricated further 
includes the step of screening a dielectric layer 
onto the structure after applying the layer of micro- 
spheres. ^ 

25. The ceramic device defined in claim 15 
wherein the step of applying the layer of micro- 
spheres comprises depositing the microspheres in 
a slurry of hollow microspheres suspended in an 
organic vehicle. 50 

26. The ceramic device defined in claim 15 
wherein the step of applying the hollow micro- 
spheres comprises applying the hollow micro- 
spheres alone without a vehicle. 

27. A multilayer ceramic device fabricated by a 55 
method comprising the steps of: 

A. providing a ceramic substrate; 

B. applying a metal layer to the substrate; ' 



C. separately applying to the ceramic substrate 
over the metal layer (i) a layer of a mixture of an 
organic plastic* r and particles of a glass ce- 
ramic, a glass/ceramic composite, or a ceramic 
and (ii) a layer of hollow microspheres; and 

D. firing the resultant structure. 

28. The ceramic device defined in claim 27 
wherein the step of separately applying the mixture 
and hollow microspheres comprises applying the 
mixture first and then applying the layer of micro- 
spheres. 
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